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Neuromodulation, through the use of spinal cord stimulation, is an evolving therapeu-
tic alternative for the management of chronic and refractory pain. Recently, this modality
and its efficacy have been called into question when compared to placebo models. Here, we
hope to analyze the physiologic fundamentals of the treatment, analyze variables affecting
success rate, and highlight unique benefits compared to more standardized practices.

While the exact mechanism of neuromodulation is not entirely understood, the pre-
vailing theory regarding their effectiveness is cited in regard to the “gate control theory of
pain.” Taking advantage of the various afferent sensory fibers in the body, the gate control
theory seeks to utilize the differing speeds of neural sensation transmission to augment
the amount of information conferred between peripheral painful stimuli and the dorsal
columns of the central nervous system [1]. Functionally, stimulating larger fibers, A-beta,
“closes the gate” on the propagation of painful stimuli to a marked degree and reduces their
conscious perception [1]. While still holding theoretical grounds, more recent studies have
diverted away, partially, from this theory as the predominate mechanism of spinal cord
stimulation effectiveness. It has been repeatedly demonstrated that direct dorsal column
stimulation has its own modulatory effects on both sensation and overall perception [2]. It
has been demonstrated that both the threshold to tolerance and rate of detection of pain are
both increased to a significant degree in patients with spinal cord stimulators [2]. Further
studies have even proposed differing mechanisms between ischemic and neurogenic pain,
hinting at the differing levels of response exhibited between patient demographics [1]. Al-
though a degree of uncertainty exists as to the mechanism and biochemistry of spinal cord
stimulation, this modality nonetheless represents an area of potential for the future of pain
management. Further efforts should hope to further elicit aspects that dictate effectiveness
between pain type and etiology in hopes of increasing successful patient response. These
biochemical models of explanation for spinal cord stimulation are further supported by the
current evidence recommendations for intended patient populations, an aspect in and of
itself that must be considered prior to intervention.

While spinal cord stimulation has become more accepted for the treatment of chronic
and refractory pain, the determination of appropriate candidates remains a challenging lim-
itation. Furthermore, appropriate patient selection has been shown to affect the measured
response to spinal cord stimulation, and ultimately whether to pursue continued treat-
ment [3]. As previously mentioned, this etiology is recommended for cases of refractory
pain, with failed back surgery syndrome, complex regional pain syndrome, and peripheral
vascular disease cases being some of the more classically recommended situations for
attempted management [1]. As is expected with nearly any diseased, the demographics
affected by these conditions are wide encompassing, and various patient factors can in turn
be a limiting aspect of response to intervention. Current analysis has shown a high degree
of explantation of devices in patients younger in age, those who were tobacco users, and
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patients with comorbid psychiatric conditions [4]. Evaluation and analysis, such as this,
have helped orient providers on appropriate patient selection and have led to important
preoperative managements, such as psychiatric evaluations, becoming commonplace prior
to stimulator trials [3]. Similarly, understanding which patient demographics are unlikely
to benefit is just as important, with the likes of paraplegic, residual limb pain, and phantom
limb pain showing minimal if any reported benefit [1].

By many accounts a minimally invasive procedure, there are adverse effects of stimu-
lator placement. Infection, mechanical failure, repeat surgical placement, among others,
are possible outcomes of placement and should be properly discussed with patients [5].
Thankfully, the risk benefit ratio, generally, favors lead placement as most adverse effects
are typically minimal in nature and rarely life threatening [5]. Once leads are properly
placed and fully functional, additional patient effort is typically required as tuning is often
necessary to adjust the stimulation to patient preference to achieve optimal pain relief.
Typically, at this point, the majority of the pain that the patient experiences is replaced
with a “tingling” sensation or paresthesia [5]. Newer iterations of the technology have
thankfully eliminated this aspect as this was a high point of contention for removal for
many patient due to discomfort. Regardless of the etiology of pain, an attempted “trial run”
of spinal cord stimulation can be attempted, with the option for removal always possible
at patient preference; always with the option to pursue more conservative measures if
preferred [6]. Reportedly, thirty percent of patients will eventually have their stimulators
removed, more specifically ten percent in the first two years [4]. Overall, spinal cord stimu-
lation, and neuromodulation as a whole, represents a strong “middle ground” approach to
refractory pain. To add perspective, many patient have tried and failed a host of invasive
and conservative measures prior to arrival of stimulator placement; hence, the refractory
nature. With failed back surgery syndrome as an example, many patients have already
exhausted typical therapeutic and surgical measures, with the major division remaining
to continue prolonged therapy likely already started, or attempt a reversible, minimally
invasive procedure. This notion can be taken to a further degree within the context of the
current opioid epidemic and represents an effective adjunct to chronic opioid use.

Many authors have cited the need for long-term analysis on the effects of stimula-
tion to reasonably determine any sort of effectiveness. Nonetheless, many studies have
demonstrated measurable short-term benefits of intervention, especially when compared
to alternative practices. Currently, class A evidence has been demonstrated for failed back
surgery syndrome, additionally referred to as post-laminectomy syndrome, peripheral
neuropathy, angina pectoris, as well as pain due to peripheral ischemia [1]. Classification
in this category is based on reviewed analytical models demonstrating a greater than fifty
percent reduction in perceived patient pain levels after intervention [7]. Newly emerging
retrospective studies have continued to echo this clinical significance and efficacy for these
assigned conditions, while at the same time showing potential limiting areas of use, such
as generic low back pain [8]. While a host of class A evidence is present for a variety of
conditions, lesser degrees exist, such as class B for complex regional pain syndrome, and
mark points of interest in need of further development [1]. Currently, the highest degree of
efficacy for the use of spinal cord stimulation exists for short-term iteration; often described
within a six-month window from implantation [3]. As such, long-term implications and the
degree of effectiveness remains a high point of contention among academics and providers.
Regardless, new and emerging studies have attempted to argue for a prolonged effect of
benefit, including improvements in patient experience outside of the general pain level [9].
General improvements in patient quality of life, accessory or maintenance medication
use, and minimal adverse effects of stimulator placement have been reported in refractory
patients [9].

The full context and breadth of the available literature must be taken into account when
making general recommendations about the use of SCS in the real world. Clinical trials
contrasting SCS with a placebo or “no treatment” (including studies using conventional
medical management (CMM) with a parallel-group design) were included in the search
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criteria created by the authors. Large, multicenter comparative effectiveness trials and
pragmatic studies, such as those contrasting SCS with revision decompression and/or
fusion surgery and tonic SCS with novel waveforms, were however excluded.

We agree that placebo- and sham-controlled trials provide the strongest available
scientific evidence, but paresthesia-free waveforms that allow for randomized, double-
blind studies were only created approximately ten years ago. The cost of conducting these
studies and the difficulty in recruiting participants for sham-controlled SCS trials have
made it difficult for independent physician investigators to finish them. The US Food and
Drug Administration does not require such studies for regulatory approval in the presence
of a predicate device. Such studies are expensive and difficult to enroll patients in, and
the risk–benefit ratio does not favor businesses and their shareholders, discouraging the
industry from carrying out such studies. The lack of published research in this area and
the small, single-center design of the few published sham-controlled studies can both be
attributed to these historical constraints.

Traeger et al. identified parallel trials comparing SCS and conventional medical
management (CMM) to CMM alone, but their analysis of these studies and handling of
inclusion/exclusion were flawed. Kumar et al. Rigoard et al., and Kapural et al., were
three parallel trials with medium-term follow-up that were initially included in a sub-
analysis [10–12].

In this case, the authors compared different treatment frequencies. Both Kumar et al.
and Rigoard et al. used older, conventional stimulation waveforms that are mechanistically
distinct and less efficient than the high-frequency (10 kHz) stimulation used in Kapural et al.
They combined outcome data pertinent to various body regions in addition to grouping
different treatments. With the primary goal of achieving a 50% reduction in leg pain, Kumar
et al. included patients in their study who had predominant leg pain in relation to CLBP
(importantly, the predominance of CLBP was a major reason for exclusion) [10–12].

In spite of this, Traeger et al. performed a combined analysis of the three studies.
Compared to participants who only received CMM, participants who received SCS were
7.4 times more likely to report a 50% or greater improvement in pain. The estimated risk
ratio was then reduced to 4.2 by the authors by excluding the Kapural et al. study from the
secondary analysis. They used I2 statistical analysis, which is appropriate when analyzing
many meta-analyses but inappropriate when analyzing only three studies, to support their
claim that there was heterogeneity and an excessively large effect size. Furthermore, only
Rigoard et al. and Kapural et al. would have remained in the sub-analysis if the Kumar
et al. study had been eliminated at the outset as a study of leg pain. Eliminating an outlier
when there are only two studies raises the concern that Traeger et al. is hand-selecting
studies to support their bias [8,10–12].

As is the case with many topics in medicine, chronic pain is a topic of increasing com-
plexity. Today, pain management is a true multimodal approach, often with personalized
treatment regimens to best serve the patient at hand. Here, we highlight spinal cord stimu-
lation as a possible supplement, if not adjunct, to chronic refractory pain. With the efficacy
established here, spinal cord stimulation, along with continued medical management, is a
modality best considered for those who have been markedly debilitated by their refractory
pain. Moving forward, further efforts should be made to optimize the technological aspect
of the practice and hopefully elicit the potential benefit to new emerging high frequency vs.
burst patterns of stimulation [13].

It is difficult to elude the true value of neuromodulation with our current body
of research despite having proper patient selection. To further elicit a more accurate
value of neuromodulation, objective values such as molecular, digital, electrophysiology,
neuroimaging, and autonomic testing need to be further studied. Efforts should be made
to understand the decay in the perceived and reported effectiveness with the time of the
implanted stimulation. Lastly, cost continues to remain a constant limiting factor despite
the fact that prolonged conservative management is often more costly than stimulator
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intervention [3]. With optimism, the future of spinal cord stimulation should hope to
address some of these limitations and remain a viable option for those in pain.
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